The internal jugular vein (IJV) is a preferred site for central venous catheterization for hemodialysis because complications such as stenosis, thrombus, or infection are considered uncommon. However, several papers [1] [2] [3] [4] have reported that stenosis of the IJV is associated with hemodialysis and arterial abnormalities, such as wall stiffness, in end stage renal disease (ESRD) patients. Moreover, 26% of ESRD patients with a history of IJV hemodialysis have anatomical variation of the blood vessels [5] .
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IJV and CA of KT recipients
Thus, the possibility of difficult IJV catheterization and/or accidental injury of the adjacent carotid artery (CA) with thrombus dislodgement may be higher in ESRD patients with a history of IJV hemodialysis.
Moreover, patients with chronic kidney disease (CKD) often present with vascular abnormalities associated with metabolic irregularities related to increased protein degradation products, hormone changes [6, 7] or hemodialysis. Metabolic irregularities such as diabetes mellitus (DM) may accelerate atherosclerosis and increase stiffness and thickening of arterial walls [3] . Hemodialysis may also worsen vascular patency, overall or at the site of venous catheterization, and vascular access at the site of previous catheterization may be difficult [8] .
In this study, we investigated the state of the IJV and CA in recipients of kidney transplantation using ultrasonography and evaluated the relationship between IJV status and patient history of IJV dialysis. In addition, we attempted to identify factors influencing IJV and CA abnormalities in these patients.
Materials and Methods
From April 2008 to December 2010, 120 adult recipients, aged 20-65 years, undergoing elective kidney transplantation in our hospital were enrolled in this study. Patients who already had IJV catheters and patients whose IJV catheters were in place for less than one week or used for fewer than three dialysis treatments were excluded from the study. This study was approved by the Institutional Review Board of our institute, and informed consent was obtained from all subjects. This study was registered at http://cris.nih.go.kr (KCT0000198).
The patients were divided into two groups. Group A had a history of IJV hemodialysis, and group B had no history of dialysis or dialysis via other methods, such as peritoneal dialysis or hemodialysis via arteriovenous fistula or the femoral vein. Patency and blood flow of both sides of the IJV and CA were examined at the cricoid level using ultrasonography (iU22 xMA-TRIX Ⓡ Philips Medical Systems, Amsterdam, Netherlands) by one of the authors (K.G.S.) and a vascular sonographer at our hospital the day before kidney transplantation. To determine the severity of stenosis as a percentage, we divided the diameter of the most stenotic area in longitudinal view by the diameter of the non-stenotic distal IJV. Six months after kidney transplantation, we re-evaluated the IJV in the same manner in patients with IJV abnormalities. The day of surgery, after inducing anesthesia and radial artery catheterization, a central venous catheter (Multi-Lumen Central Venous Catheterization Set with ARROWg + ard Blue Ⓡ catheter, Arrow International Inc., PA, USA) was placed through the right internal jugular vein. In case of IJV stenosis or occlusion, central venous catheterization was placed in the patent side. At least 2500 ml of lactated Ringer's solution was infused until reperfusion. We also determined whether there was atheroma in the wall of the CA, defined as abnormal intima-media thickness on ultrasonography. Additionally, potential confounders of IJV/CA abnormalities such as age, gender, body mass index (BMI), DM, duration of IJV catheterization, and history and duration of dialysis were analyzed.
Statistical analysis
The null hypothesis of this study was that there is no association in the incidence of IJV stenosis between groups A and B. The alternative hypothesis of this study was that there is an association in the incidence of IJV stenosis between the two groups.
Statistical analyses were carried out using the SAS 9.4 system (SAS Institute, Cary, NC, USA). Differences between the two groups in patient characteristics and relationships among age, gender, BMI, DM, duration of IJV catheterization and IJV stenosis were analyzed using two sample t-tests and Wilcoxon rank sum tests for continuous variables, or Chi-square test and Fisher's exact tests for categorical variables. IJV stenosis and CA abnormalities in relation to several factors were assessed via multivariate logistic regression with stepwise selection. In multivariate logistic regression with stepwise selection, the P value for entry and stay was 0.1. P values < 0.05 were considered statistically significant.
Results
A total of 120 patients were enrolled. Group A included 57 patients and group B included 63 patients. Thirty-two patients in group B had no history of dialysis and the remaining 31 patients There was no flow in Doppler images of patients (C1) and (D1). These images show two cases of total stenosis of the right internal jugular vein in the proximal 3 cm portion (This portion is marked by black line in D1 and D2). Six months later, both cases maintained the same state (C2) and (D2). Each lumen was filled with thrombus. IJV: internal jugular vein, CCA: common carotid artery, VA: vertebral artery, Rt: right, Lt: left. '+' is the marker to identify blood vessel wall.
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IJV and CA of KT recipients had a history of dialysis via a method other than IJV. Patient characteristics, including CA abnormality, were comparable between the two groups ( Table 1) . In group A, 52 patients were catheterized in the right side of the IJV and 5 patients in both sides. The duration of IJV catheterization was 5.86 ± 4.74 (mean ± SD) weeks, and the interval between IJV catheter removal and ultrasonographic evaluation was 47.7 ± 46.8 months.
Ultrasonography revealed that four (7%) patients in group A had IJV abnormalities. No patients in group B had abnormalities. Since there were zero cells in a 2 × 2 table on Fisher's exact test, we performed Firth's penalized likelihood approach in a logistic regression model to compute the odds ratio. On logistic regression analysis, the odds of IJV abnormality in group A were 10.7 times the odds in group B (P = 0.118, 95% CI = 0.6-207.8). Four patients from group A showed IJV abnormalities, including two cases of stenosis and two occlusions. The stenosis or occlusion sites (right or left) of the four patients were on the same side as previous catheterization. The severity of stenosis was 57.4% in one patient and 90.1% in the other. In both patients with total occlusion, the occlusions were 3 cm long and just proximal to and around the hemodialysis catheter insertion site (Figs. 1A-1D ). The four patients with IJV abnormalities had undergone 16, 4, 8 and 8 weeks of catheterization, respectively, and the interval between the removal of the hemodialysis catheter and ultrasonographic examination was 108, 36, 23 and 39 months, respectively. Patients in group B did not show any stenosis or occlusion of the IJV.
At the six-month follow-up visit of the four IJV abnormality patients (the two stenosis and two occlusion cases), only the patient with 57.4% stenosis showed normalized patency and blood flow. The stenotic lesion progressed to occlusion in the patient with 90.1% stenosis. Both occlusion cases remained the same (Figs. 1. A2-D2 and B3).
Twenty patients total (16.7%), eleven in group A and nine in group B, had several CA abnormalities, including wall thickening estimated with atheroma resulting in stenosis (Fig. 2) . Among them, ten patients had abnormalities on both sides, six had left side abnormalities and four had right side abnormalities.
When we subdivided the patients into two groups according to the presence of IJV stenosis or CA abnormalities, the odds ratio of height for IJV stenosis was 0.9 (95% CI 0.8-1.0, P = 0.043) ( Table 2 ) and the odds ratio of age and DM for CA abnormalities were 1.1 (95% CI 1.1-1.2, P = 0.001) and 3.1 (95% CI 1.1-8.9, P = 0.041) (Table 3) , respectively, in univariate analysis. On multivariate analysis with stepwise selection, height was significantly correlated with IJV stenosis (P = 0.043, odds ratio = 0.9) and only age was significantly correlated with CA abnormality (P = 0.012, odds ratio = 1.1). To validate the regression model, we performed Pearson Goodness-of-Fit test for each multivariate regression model. We concluded that the models fit the data well (P = 0.980 and P = 0.615). 
Discussion
ESRD patients may experience sudden deterioration leading to emergency room visits and the need for kidney transplantation. In many cases, a central venous catheter must be inserted along with the hemodialysis catheter. The IJV is considered the best and safest route for temporary vascular access or central venous route in ESRD patients who need long-or short-term dialysis for a variety of conditions. Therefore, it is necessary to confirm the state of the IJV before catheterization to prevent complications associated with a difficult procedure, especially if there is a history of hemodialysis via the IJV. Considering anatomical variations of the IJV, use of ultrasonography during IJV catheterization is recommended.
Several studies have reported the utility of ultrasonography for viewing blood vessels. For example, ultrasonography-guided catheterization of the IJV for acute hemodialysis or in critical care patients has been reported [9] [10] [11] [12] . In this study, we used ultrasonography to evaluate the IJV and CA in ESRD patients waiting for elective kidney transplantation. We identified abnormalities and followed cases of IJV stenosis.
Fant et al. [13] described patients with strictures several weeks to months after catheter removal, indicating that both stricture and thrombosis are possible in the long term after temporary dialysis has ceased. In this study, patients with IJV abnormalities underwent, on average, 9.0 ± 5.03 weeks of catheterization, and the interval between the removal of the hemodialysis catheter and ultrasonographic examination was 51.5 ± 38.3 months. Interestingly, the case with 57.4% stenosis resolved six months after kidney transplantation. However, the case with 90.1% stenosis progressed to occlusion, and two other cases of occlusion remained the same. Based on these results, we infer that there is a relationship between stenosis severity and the future condition of the blood vessels. In cases of partial stenosis, there may be the possibility of recovery. If the patient has near or total occlusion, the lesion may not recover or may progress further. Although it is difficult to generalize based on such a small number of cases, the potential for stenotic progression should be taken into account when IJV hemodialysis catheters are placed.
The incidence of stenosis has been reported to be 0-10% in the IJV [4, 14] , consistent with the 7.02% (4/57) incidence observed in this study. Numerous studies have shown stenosis or occlusion of the subclavian vein or IJV secondary to previous IJV and CA of KT recipients catheterization [2, 4, 15, 16] . Intimal trauma with endothelial disruption at the puncture site is a frequent cause of stricture. Stiffness of the catheter can encourage stenosis [17] . Several other factors, including age, gender, number of punctures, duration of catheterization and number of dialysis sessions are thought to be related to stenosis, but these have not been confirmed. Complications such as poor flow or infection favor thrombosis and perhaps stenosis [4] . In this study, height was significantly correlated with IJV stenosis. All four patients with IJV stenosis were short in stature. In general, hemodialysis catheters have an internal diameter unadjusted to the catheter length. If catheter diameter is so large as to fill the vein too tightly, it could predispose for damage of the vein wall, thrombosis, and stenosis. Twardowski and Seger [18] reported that the lengths of the veins were correlated with the body anthropometric measurements, such as height, weight, body surface area, and bi-acromion span. However, further studies are needed to support our results, which were derived from a small sample size.
The spectrum of arterial alterations in ESRD is broad, including occlusive lesions caused by atheromatous plaques and arterial remodeling accompanying the growing hemodynamic burden in conjunction with the natural aging process [19] . In this study, arterial wall thickness or plaque due to calcification or atheroma was observed in 16.7% of patients. This incidence is much higher than the 5.5% reported for individuals undergoing routine heath examination [20] . ESRD patients show accelerated rates of atherosclerosis and microangiopathic changes, and calcification in the CA and coronary arteries of young patients on hemodialysis has been reported [21] .
Some studies have reported that artery punctures occur with a frequency of 1.39-1.72% despite the use of ultrasound-guided techniques [22, 23] . If the CA is punctured, there may be potential for disruption of plaque, and the resulting embolism may cause brain infarction. Decreased carotid flow can be aggravated if the neck is compressed to prevent hematoma. In some cases, it has been reported that a carotid-jugular arteriovenous fistula or resulting cerebral infarct have occurred because of a thromboembolism from an arterial atherosclerotic plaque secondary to catheterization for hemodialysis [24, 25] .
In general, ESRD patients have a greater number of CA abnormalities, especially those that are dialysis-dependent [1] . In this study, old age also increased the frequency of CA abnormalities, consistent with the results of recent large-scale research [26] . Therefore, regardless of whether an ultrasound-guided technique is used, physicians should be mindful of the increased risk of atheroma separation when sticking an artery with a needle and be especially careful to not injure the CA at the time of IJV catheterization in elderly ESRD patients.
This study has several limitations. First, central vein catheterization is related to stenosis. In the present study, we paid special attention to patients with IJV stenosis and followed them. By following patients with IJV stenosis for several months after kidney transplantation, we attempted to examine long-term vessel change. Second, we could not calculate exact sample size. Because the sample size was small, there would not have been significant results in the odds ratio of IJV abnormality between the two groups. For the same reason, we were unable to definitively determine risk factors affecting IJV stenosis because of our small sample size. Future studies looking at a broad population will be necessary to generalize our results. Lastly, we investigated only a few factors affecting carotid artery abnormalities. Other factors affecting arteriopathy, such as smoking, cholesterol level, and kidney function, could not be analyzed. In future studies with larger populations, we will analyze several more factors affecting CA abnormalities.
In conclusion, IJV abnormality may occur in ESRD patients with a history of IJV hemodialysis, which may progress or remain after kidney transplantation. ESRD patients also have higher rates of CA abnormalities. Thus, it is helpful to evaluate the state of the IJV and CA before IJV catheterization.
